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Abstract
In shallowly buried coal seam mining, the overlying aquifer is easily affected by the large-scale underground mining with the
resultant water loss of ground water or/and surface water, which case is especially significant for the coal mines in northwest of
China where the original fragile surface environment may become worse and worse. Aquifer-protective mining and the surface
environment protection has been tremendously problematic in terms of coal exploitations in Northwest of China. Based on the
coal bearing geological conditions of Shendong coalfield, a high coal production base, the mechanisms and the basic conditions
of aquifer-protective mining are revealed and the applicability is classified through the methodologies of theoretical analysis,
physical simulation, numerical calculation and field survey. This application is of assistance to promote better understanding of
aquifer-protective mining and demonstrates that the aquifer-protective mining technique for shallowly buried coal seams can be
conducted successfully if under an applicable condition.
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1. Introduction
The protection of water resource subjected to large-scale and high-efficiency mining for shallowly buried coal
seam has been tremendously problematic in terms of coal exploitations in Northwest of China [1-6]. There have been
many theoretical achievements and engineering practices after the generation of the conception about water
protective mining [7-8]. But all the practices were based on shortwall mining with reasonable pillar size to protect the
aquifer from destruction after mining. According to the requests of safety and environment protection as well as the
desire of maximizing the comprehensive economic benefit and the coal recovery rate, water-protective mining, in
substance, aquifer-protective mining should be conducted in the western China coalfield by which the ground water
can recover after the transient post-mining dropping funnel. It had been proved that the water level can recover after
longwall mining in a certain time period if situated at a suitable geology, although the aquifer was disturbed by
longwall mining [5].
On basis of the characteristics of the coal bearing conditions and the theory of key strata [6], the laws of the
overlying mining-induced crack propagation and distribution were analyzed, and thus the mechanisms, the basic
conditions and the classification for the applicable conditions of aquifer-protective mining were presented and
demonstrated in practice.
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2. Three types of representative coal bearing conditions of Shendong coalfield
According to the stratigraphies of Shendong coalfield, such indexes as the bedrock thickness, the amount of key
strata controlling the overburden movement and K, the ratio of the thickness of sand formation to the thickness of
bedrock overlying the coal seam, were selected to classify the coal bearing conditions into three representative types
as follows, , represents that the bedrock thickness is less than 30 m with only one key stratum in the
with only one key stratum in the overburden strata and K<1; 
called sub key strata, and K<1.
In these three representative stratigraphies, without exception, there is an intensely weathered zone overlying the
bedrock, ranging from 5 m to 10 m in thickness, of which lithology is mudstone, silty mudstone and powder
sandstone, etc. And the aquifer above the intensely weathered zone is about 10 m thick.
3. Mechanisms of aquifer-protective mining
3.1. Intensely weathered zone acting as an aquiclude
The intensely weathered zone between the bedrock and the aquifer, averaging 5 m in thickness, tends to be
clayzation which represents that the plasticity and the anti-deformation ability gets stronger, and it acts an aquiclude
which can disintegrate and slime easily in a short time period if encountered water. As the existence of the intensely
weathered zone, the development of the fractured zone induced by underground mining would be restrained and the
mining-induced cracks could close, which is positive for aquifer-protective mining and can avoid the surface air
enters into the underground gob.
3.2. Suitable stratigraphies
Key strata, especially for two key strata, and the intensely weathered zone form the suitable statigraphical
structure for aquifer-protective mining, which makes the upside water-flowing cracks difficult to connect with the
downside. When the sub key stratum broke, if the main key strata did not break, the effect of underground mining
on the overlying weathered zone and the aquifer is slight; while, if the main key strata broke too, the overburden
movement will impose the downside mining-induced cracks compacted, but the roof control of working face and the
treatment of the cracks over the face need to be paid a special attention.
3.3. High advance rate
According to the simulation, when the face advance rate exceeded 15 m/d and the bedrock thickness was more
than 35 m, the mining-induced cracks presented horizontal propagation in the bedrock and slight vertical
propagation in the unconsolidated formation without connection. Meanwhile, the faster the working face advanced,
the shorter the cracks propagated, the faster the cracks closed, the more gently the surface subsided, the slighter the
cracks developed. And in this circumstance, the main roof can easily form a stable balanced structure due to the
hinged broken blocks without step subsidence.
4. Basic conditions and classification for applicable conditions
4.1. Basic conditions
(1) High advance rate, which is depended on the following measurements,  to select high resistance hydraulic
support to avoid the step subsidence at working face;  to select the suits of powerful and reliable face equipments;
(2) Special regional treatment. So far as some special regions are concerned, such as, the regions in the vicinity of
setup room and the face ends and the regions where the overburden becomes thinner, some special regional
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overburden strata and K=1; ② typeⅡ
than 60 m, with couples of key strata in the overburden strata, in which one is called main key strata and others are
, represents that the bedrock thickness is less than 60 m and more than 30 m,
  , represents that the bedrock thickness is more③ typeⅢ
①
②
③ to pass the fault fast by applying the techniques of fast face transferring.
treatments as reducing the mining height, regional backfill and regional grouting can be conducted to decrease the
degree of crack development and avoid the connection of the mining-induced crack with the aquifer. At present,
reducing the mining height is an effective treatment.
4.2. Classification for the applicable conditions
Based on the geology of Shendong coalfield, the classification for the conditions applicable to aquifer-protective
mining and their corresponding mining methods together with technical parameters, taking the bedrock thickness,
water bearing degree, mining height and advance rate into account, are presented through the integrative analysis of
the results of simulations, theoretical calculation and the field observation, as Table 1 shows.
Table 1. Classification for water-protective mining technology in longwall coalface for shallow seam
Type
Thickness of bedrock (m) >20 20-25 25-35 35-45 45-60 60-75 >75
Mining method SW/PP SW/PP LW LW LW LW LW
Max. mining height, (m) 5 5 3-5.5 5.5 5.5 5.5 5.5Poor water bearing
Advance rate, (m/d) - - >15 >15 >10 >10 >10
Mining method SW/PP SW/PP SW/PP LW LW LW LW
Max. mining height, (m) 5 5 5 2.5-3 3-5 5.5 5.5
Advance rate, (m/d)d - - - >15 >15 >15 >10
Medium water bearing
Treatment - - - RT RT RT RT
Mining method SW/PP SW/PP SW/PP SW/PP LW LW LW
Max. mining height, (m) 5 5 5 5 2.5-4 4-5.5 5.5Rich water bearing
Advance rate, (m/d) - - - >15 >15 >15
*SW represents shortwall mining; PP represents panel and pillar mining; LW represents longwall mining; RT represents regional retreatment.
5. Cases study
5.1. Case 1: Face 32201 at Bulianta coal mine
(1) Introduction
Face #32201 is the first coalface of Panel #2 at Bulianta coal mine. The water-rich area is 2050-2550 m away
from the setup room, where is recharged by the surface water body, Bulian river. The bedrock at water-rich area,
ranging from 62.68 m to 91.48 m in thickness with 78.08 m on average, is mainly sandstone. The immediate roof of
coal 2-2 is the 6.55-m-thick sandy shale, the main roof called sub key strata is the 11-m-thick medium fine grained
sandstone, and the main key strata is 25-m-thick coarse or fined sandstone. The thickness of the aquifer is  10 m on
average. The weathered zone overlying the bedrock ranges from 3.22 m to 10.00 m in thickness with 5.66 m on
average.
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Fig. 1. The location of water-rich area at Face #32201
(2) Aquifer-protective mining design
According to Table 1, the conditions of Face #32201can be classified into type , which indicates that aquifer-
protective mining can be conducted by the method of longwall mining, save that, the maximum min ing height
should be less than 5.5 m and the advance rate should not be less than 15 m/d. The detailed measurements adopted
are as follow, a suit of face equipments for total extraction longwall mining were selected, the total equipments
power was up to 5561 kW; the hydraulic support was TOY8638-2.5/5.5 which was two-leg system; the actual
mining height was 5 m; bi-directional cutting method was used. In this circumstance, the production reached 30 kt
per day and 10 Mt per year.
(3) The layout of observation wells
In purpose to monitor the change of water level of the aquifer during and after the working face passed the water-
rich area, 21 observation wells were placed in the middle and at both sides of the working face. The Face #32201
started working on Apr 25, 2004. The working face was at the north side of Bulian river on Jul 31, 2004, where is
1400 m away from the setup room, and after two months, the face passed the Bulian river and the water-rich area, at
a distance of 2404.6 m from the setup room.
(4) The change of water level
The decline scope and the water loss of the observation wells are different at the different locations. The water
levels of the wells in traverse direction were compared, as Fig.2 shows. The water level in the #8, #16 and #17 wells
which were located inside the face, declined fast in the first 10 days. For the wells in the middle of face, #8 and #16,
the water levels tended to be stable in a short time period; while, for the well near the headgate, #17, it took 20 days
to get stable. The water level of the well #11 above the pillars of the headgate declined smoothly in a small scope
and tended to be stable in 30 days; while, for the well # 18 outside the tailgate, the effect of mining operation is
slight with a small water loss, and the water level started ascending after 20 days. In general, comparing with the
wells in the middle, for the wells near the gateroads, the water level tended to be stable in a longer time period and
started ascending in 90 days which is longer than 50 days for the wells in the middle, and the water loss was more;
for the wells outside the gateroads, the water level tended to be stable in a shorter time period and started ascending
in a shorter time period, and the water loss was less.
Moreover, the faster the working face advanced, the less the water lost. The face stopped working on Sep.3, 2004
and the water inundation appeared with the magnitude of about 20m3/h next day; the face advanced 5 m on Sep.7,
2004 when the water inundation appeared with the magnitude of 6.7 m3/h next day; while, there was no water
inundation at working face when advance rate ranged from15 m/d to 30 m/d.
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Fig. 2. The water level change of the observation wells in traverse direction
5.2. Case 2: Face 51201 at Shanwan coal mine
(1) Introduction
The Face #51201 of No.1-2 coal seam is 301 m wide. The thickness is 5.8 m on average. The designed mining
height is 5.3 m. The tested site for aquifer-protective mining is located around Xisha gully where the thickness of
bedrock is from 45 to 65 m with 55 m on average and the loose formation is about 10 m thick with medium water
bearing according to the classification listed in Table 1. The layout of the working panel is shown in Fig.3.
No.1 peephole
Fig. 3. Position of peepholes in 51201 coalface
(2) Aquifer-protective mining design
In accordance to the classification, the situation of Face #51201 is classified as type , which indicates that
aquifer-protective mining can be carried out under the conditions that the mining height is less than 5 m and the
advance rate is more than 15 m/d. The detailed measurements adopted are as follow, a suit of face equipments for
total extraction longwall mining were selected, the total equipments power was up to 5561 kW; the hydraulic
support was TOY8638-2.5/5.5 which was two-leg system; the actual mining height was 5 m; bi-directional cutting
method was used with 25 webs per day and one web was 0.80 m.
(3) The layout of observation wells
In order to observe the development of overburden cracks during mining operation, three peepholes with the
diameter of 77 mm and one observation well with the diameter of 108 mm are positioned along the Xisha Gully with
peephole #1 near the tailgate, peephole #2 in the center, peephole #3 near the headgate and the observation well in
the center with 5 m distance from peephole #2. The observation started on Feb.7, 2007 and ended on May 31, 2007.
The key geological parameters for the three peepholes are listed in Table 2.
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1 59.95 9.05 6.42 8.51 2
2 46.95 9.50 2.75 3.1 1
3 41.95 13.70 3.55 3.7 1
(4) Reasons for water loss
In the observation, the water was protected effectively in peephole#1, but lost in peephole #2 and peephole #3
after mining due to the facts of peephole #2 and #3 compared with peephole #1 as follows:
(a) The bedrock is thinner and there is only one key stratum in overburden strata. The thickness of bedrock in
peephole #2 zone and peephole #3 zone is 46.95 m and 41.95 m respectively, which are  much thinner than that in
peephole#1 zone of 60 m. Furthermore, only one key stratum in caved zone governs the overburden movement
which results in the strata caving all the way to the ground surface with unavoidable water loss. But for peephole #1,
there are two key strata, so that caving mode in the peephole #2 or #3 will disappear which is favorable for aquifer-
protective mining.
(b) The weathered zone and immediate roof are both thinner. As the main aquiclude, the weathered zone is 2.75
m thick in peephole #2 zone and 3.55 m thick in peephole #3 zone, but 6.42 m thick in peephole #1 zone. With
respect to the mining height of 4.8 m, the thickness of immediate roof is 3.1 m in peephole #2 zone and 3.7 m in
peephole #3 zone, which are both even less than half of that in peephole #1 zone of 8.51 m, so that the subsidence
would be larger and the thin aquiclude would lose the impermeability easily. The mining height should be reduced
when the working face passed the peephole #2 and peephole #3, if it is adopted that the height of fractured zone is
11 times the mining height, the mining height should be reduced to 4.2 m for peephole #2 and 3.7 m for peephole
#3.
(c) The advance rate was too slow. Due to the public vacation of Chinese Spring Festival, the average advance
rate for peephole #2 and peephole #3 zone was only 11 m/d, which was much less than the requested speed 15 m/d
according to the classification for aquifer-protective mining.
(5) The change of water level
The change of water level in the water observation well from pre-mining to post-mining is shown in Fig.4 which
shows that the water losts completely. The region located between 20 m ahead of working face and 10 m behind the
working face, where the water level declined fast, was the critical region to carry out aquifer-protective mining
through reducing the mining height, regional backfilling or grouting to reduce the water loss of unconsolidated
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Fig. 4. The change of water level
6. Discussions
(1) Understanding of aquifer-protective mining
The industrial test can increase the understanding of aquifer-protective mining. During the design and application
of aquifer-protective mining, the temporary destruction of the aquiclude is permitted, but the water level should
return finally, save that, the mining-induced cracks for water flowing can close after mining and the impermeability
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can stay. Therefore, the aquifer-protective mining can be simplified to protect the aquiclude during the three time
periods, pre-mining, actual mining and post-mining. The purpose of aquifer-protective mining contains three levels,
the first level is that the intact aquifer is beyond the effect of underground mining; the second level is that the water
level declines after mining but can return in a certain time period; the third level is that the water level cannot return
to the original level, but water can be provided for the common need, at least, for the ecosystem.
Aquifer-protective mining is to select a reasonable mining method and technique in order to ensure that after
mining, the water bearing structure of the aquifer is not destructed, or there is somewhat destruction with the
resultant water loss, but basically, the water can recover in a certain time period and meet the need of surface plant
growing without pollution. In reality, so far as the actuality of coal mining in China is concerned, the aquifer-
protective mining is thought to be successful only if the ground water can be protected without loss in terms of
shallow coal seam mining at arid or semiarid area.
(2) Feasibility of classification for the conditions applicable to aquifer-protective mining
The classification is based on the condition that the thickness of weathered zone ranges from 5 m to 10 m in
shallowly buried coal seam. It needs further research on the condition similar to peephole #2 and peephole #3, which
should pay more attention to the relationship between the thickness of weathered zone, the thickness of immediate
roof and the mining height. According to the observation, the ratio of the thickness of weathered zone to the mining
height should be more than 1.
Aquifer-protective mining is also dependent on the recovery degree of water level in a certain time period or a
reasonable water level declination for plants growing. At present, in this short time period, the water in peephole#2
and peephole #3 lost, but both of these two peepholes were blocked. So after the strata movement is stable, more
observations and further research are necessary for the issue if the water level can return to a certain threshold or
not.
Therefore, the classification should be modified by more researchers.
7. Conclusions
(1) The purpose of aquifer-protective mining contains three levels, the first level is that the intact aquifer is
beyond the effect of underground mining; the second level is that the water level declines after mining but can return
in a certain time period; the third level is that the water level cannot return to the original level, but the water can be
provided for the common need, at least, for the ecosystem.
(2) There should be some corresponding geological conditions and mining techniques contributing to the
application of aquifer-protective mining. The key geological factors are comprised of the thickness of bedrock, the
thickness of weathered zone and the amount of key strata. The key mining techniques are comprised of the face
advance rate and the actual mining height.
(3) The changes and the recovery time of water level are different at different locations. The water level in the
middle of face can be stable in a shorter time period with a smaller water loss than those near the gateroads.
(4) The basic conditions of aquifer-protective mining are comprised of two key techniques. One is the high
advance rate which depends on the selection of the high resistance hydraulic support, powerful face equipments and
the technique of passing the fault fast; the other is regional treatment which contains the mining height reducing,
regional backfilling and grouting.
(5) The practice of aquifer-protective mining indicates that, the aquifer-protective mining for longwall face in
shallowly buried coal seam can be carried out under suitable conditions.
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